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It is widely believed that U.S. collective bargaining has changed substantially in the 1980s from earlier decades.
1 One piece of evidence used to support this view is that strike activity as measured by the Bureau of Labor Statistics (BLS) declined by over 50% from its level in the 1970s. Less well known is that the overall level of labor disputes increased in the 1980s. The decline in strike incidence was the result of a shift in the composition of labor disputes. Cramton and Tracy (1992) demonstrate that a sharp increase occurred in the percentage of labor disputes that are settled without a strike under an extension of the expired contract (a "holdout").
The reason(s) for the increase in overall disputes and the shift in the composition of disputes has yet to be empirically established. Labor leaders argue that a change in collective bargaining tactics has been necessitated by the increased tendency for firms to hire replacement workers if the union calls a strike.
Organized labor has lobbied for several years for Congress to "restore the strike threat" by amending the labor law to ban the use of permanent replacements. 2 Careful consideration of such legislation is hampered by the lack of any comprehensive analysis of the use of replacement workers in the U.S..
In this paper, we begin to answer the question of whether the changes in collective bargaining outcomes in the 1980s can be explained by the use of replacement workers. We analyze the most comprehensive data collected to date on the use of replacement workers in U.S. union contract negotiations for the 1980s. We present a detailed description of the determinants of the firm's decision to hire replacement workers during a strike. We show that the replacement risk facing a union varies systematically with the work experience of its members and the tightness of the local labor market. We use this systematic variation in replacement risk to measure its impact on the union's threat choice between strike and holdout. We find that increases in the predicted replacement risk significantly increases the likelihood that the union selects the holdout threat; that the induced reduction in the likelihood of a strike given a dispute increases the probability of a dispute; and that the net impact is a small reduction in the overall strike incidence. Our best estimate is that increased use of replacements can explain about half of the unaccounted for shifts in bargaining outcomes in the 1980s.
The outline of the paper is as follows. In section 1 we summarize our earlier efforts at establishing that the shift in collective bargaining patterns represents a change in the process of bargaining. In section 2
we summarize the existing empirical literature on replacement workers. In section 3 we discuss our data collection efforts and present an overview of the use of replacement workers in the 1980s. In section 4 we 1 See Cappelli (1982) , Freedman (1982 Freedman ( , 1985 , and Mitchell (1982 Mitchell ( , 1983 for related discussions.
2 The first bill was introduced into Congress in 1988 by Representative Brennan which proposed banning the use of permanent replacements during the initial ten weeks of a strike. A strengthened version of this bill was introduced into the 101st Congress (H.R. 3936 & S. 2112) which proposed completely banning the use of permanent replacements. In 1992, similar legislation passed in the House but failed in the Senate. In 1993, the replacement bill was reintroduced (H.R. 5 & S. 55). On 8 March 1995, President Clinton signed an executive order banning the federal government from doing business with firms that use permanent replacements. present a simple model of the firm's decision to use replacements. Our empirical implementation of this model is given in section 5. We evaluate the economic significance of our findings, and compare them to estimated replacements effects from Canadian data. The paper ends with a summary of our findings.
I. A Perspective on Collective Bargaining in the 1980s
The 1980s proved to be a difficult decade for the U.S. labor movement. The private sector unionization rate fell into single digits leaving many to wonder if unions would soon become an anachronism. In the U.S., unions like politicians are typically measured by the general populace in terms of their impact on the pocketbook. The changing economic and political landscape in the 1980s may have seriously imperiled the ability of unions to produce visible benefits for their members. 3 Many of the benefits of unionization are embodied in the labor contracts they negotiate. The process of labor contract negotiations, then, is vital to the institutional interests of unions. An examination of the collective bargaining process in the 1980s reveals significant changes from the 1970s. Cramton and Tracy (1992) emphasize that unions have multiple threat options available when a labor contract expires.
The union can either call a strike or extend the former contract, a holdout. In a holdout, the union applies pressure on the firm through a work-to-rule, slow-down, or other "in-plant" strategies. Holdouts need not involve the large costs common to strikes. Indeed, the theory applies regardless of the extent of holdout costs (and is largely invariant to the size of these costs). The cost may simply be from maintaining the possibility of a strike, rather than from more aggressive in-plant strategies by the union. Figure 1 illustrates that the incidence of strikes fell in the 1980s while the incidence of holdouts rose sharply, resulting in an increase in the overall dispute incidence.
Holdouts are defined as in Cramton and Tracy (1992) to be any contract signed without a strike more than one day after the prior contract expiration. Dispute incidence is defined as the sum of the strike and holdout incidence. Our choice of this definition of a holdout is motivated by the strong deadline effect which is exhibited in the data. The empirical hazard rate into settlement is quite high on the expiration date of the previous contract as well as the following day. The settlement rate declines significantly between the first and second day following the prior expiration date, and remains roughly flat over the next month. Nonetheless, it is surely the case that some holdouts are misclassified using our procedure. For example, it may be that a settlement is reached at the contract expiration, but that it is not ratified until several days after expiration.
Alternatively, some settlements may involve periods of costly holdout before contract expiration, and hence are better classified as holdouts. Unfortunately, data on the size and timing of bargaining costs does not exist.
We simply do the best we can with the best data that is available. The upward trend in holdouts in the 1980s, though, is robust to defining a holdout using a 7-day window and a 30-day window between the prior expiration date and the beginning of the holdout. If classification errors are more likely with short duration holdouts, then the trend is unlikely to be due to increased classification problems in the 1980s.
An explanation for this increase in dispute incidence and shift in the composition of labor disputes has not been demonstrated to date. Labor leaders emphasize the growing risk of union workers being replaced in the event of a strike. 4 In August 1981, President Reagan replaced the air traffic controllers after their union, PATCO, called an illegal strike. As a result of the President's action, the union was decertified. 5 Unions claim that this dramatic action signaled to the private sector that hiring replacements is both legal and acceptable.
The Industrial Union Department of the AFL-CIO in a 1986 manual for its union leaders titled The Inside Game: Winning With Workplace Strategies argues that the threat of replacement has significantly diminished the attractiveness of the strike threat relative to the holdout threat:
To be sure, the strike in many cases is still a powerful and effective weapon. But when an employer begins trying to play by the "new rules" and actually force a strike, staying on the job and working from the inside may be more appropriate (page 5, emphasis in original).
Whether the 1980s represent a structural break in the process of collective bargaining is addressed in Cramton and Tracy (1994) . We estimate the first empirical model of the determinants of labor disputes, and the composition of these disputes between strikes and holdouts. The observed changes in the patterns of strike and holdout incidence illustrated in Figure 1 could be the result of changes in the economic environment, rather than of changes in the collective bargaining process itself. Using data on twelve hundred major contracts negotiated between 1970 and 1989, we find mixed evidence supporting the structural change hypothesis.
Without controlling for any covariates, dispute incidence in the post-PATCO period is only 2.3 percentage points higher than in the earlier period, an insignificant difference. Once we control for changes in the underlying covariates, the difference increases to 7.5 percentage points and is significant. If we replace the post-PATCO indicator with individual year effects for 1982-1989, we find that the year effects are jointly significant, although only 1986 is individually significant. The point estimate indicates that the actual dispute incidence was 27 percentage points higher than predicted in 1986.
Similarly, without controlling for any covariates the fraction of disputes involving a strike is 13 percentage points lower in the post-1981 period, a significant difference. When we control for the covariates suggested by our bargaining model (Cramton and Tracy 1992) , this difference falls to 7.5 percentage points and is only marginally significant. Replacing the post-1981 indicator with eight year indicators, we find that the year effects are jointly insignificant and that 1989 is the only individually significant year effect.
To test for the stability of our estimated bargaining model over the two decade period, we interact the post-1981 indicator with each variable in our empirical model. The chi-square statistic (probability value) for the joint significance of the intercept and slope interactions is 26.1 (0.02), and for the slope interactions alone is 23.4 (0.02). The interactions with the industry employment residual and the real wage change over the prior contract were both individually significant. In contrast to the evidence regarding a shift in the overall composition of disputes, there is clearer evidence that the responsiveness of the union's threat choice to underlying economic variables has shifted since 1981.
The key interaction from the viewpoint of the theory is with the real wage change over the prior contract.
Our bargaining model predicts that the attractiveness of the strike threat decreases as the real wage at the end of the prior contract increases. This suggests a negative coefficient on the real wage change over the prior contract in predicting the likelihood of a strike given a labor dispute. The data indicate an increase in the marginal effect associated with the real wage change of 13 percentage points between the pre-and the post-1981 period, a statistically significant change. This increase is sufficient to reverse a negative and significant coefficient on the real wage change for the 1970-81 period to a positive and marginally significant coefficient for the 1982-89 period.
II. Summary of Replacement Worker Literature
There are only a handful of papers that analyze data on the use of replacement workers in U.S. contract negotiations. This reflects the difficulty in obtaining replacement data. The General Accounting Office (GAO 1991) undertook a study of the use of replacements at the request of the Senate Subcommittee on Labor which was considering replacement legislation. The GAO obtained data from the Federal Mediation and Conciliation Service (FMCS) on all strikes in 1985 and 1989. 6 They surveyed the firm and union involved in all major strikes (those involving at least 1,000 workers) and a random sample of the smaller strikes. From this data, the GAO reports that 11% (17%) of major (smaller) strikes in 1985 involved replacements, and 9% (16%) involved replacements in 1989. The GAO also reports that the occurrence of replacements was three times higher in strikes which lasted at least a month in duration.
York strikes for three periods before the NLRA. For the 1980s, Olson finds that the incidence of replacements is 10.5%. For the earlier periods, Olson finds that the use of replacements ranged from a low of 1.5% in 1926-31 to a high of 61% in 1881-86. Like the GAO report, Olson also finds that the use of replacements is associated with longer strike durations. Interpreting this correlation is difficult, however, without information on the timing of the hiring of the replacements. The finding is consistent with the hazard rate from strike to settlement being higher, lower, or unchanged following the hiring of replacements.
Based on a sample of thirty-five large strikes in the U.S. and twenty-one small strikes in New York from 1984 to 1988, Gramm (1991) reconfirms that strike durations are much longer when permanent replacements are hired. Gramm reports that permanent replacements were hired in 20% of her strikes and temporary replacements in 8%. Gramm's data also includes information on the firm's operating capacity during the strike.
In the U.S. sample, the mean operating capacity was 57% with no replacements, 90% with temporary replacements, and 77% with permanent replacements. In the New York sample, the mean operating capacity was around 60% regardless of the use of replacements. Schnell and Gramm (1994) and Gramm and Schnell (1994) extend Gramm's earlier work. Schnell and Gramm (1994) examine the GAO replacement data. They classify strikes into three categories: no intent to hire permanent replacements was given and no permanent replacements were hired (64.5% of the sample), intent to hire permanent replacements was given but no permanent replacements were hired (15.5% of the sample), and intent to hire permanent replacements was given and permanent replacements were hired (19.9% of the sample). They estimate a Cox proportional hazard model of strike durations controlling for the bargaining unit size, establishment size, state unemployment rate, an indicator for whether the observation came from the 1985 sample, an indicator for replacement intent given but no replacements hired, and an indicator for replacement intent given and replacements hired. Both replacement indicators are negative and significant in the overall sample. Unfortunately, Schnell and Gramm can not control for the timing of the announcement of the intent to hire permanent replacements nor the decision to hire permanent replacements. Gramm and Schnell (1994) find that firms hiring permanent replacement workers have a higher operating capacity even after controlling for other factors which may affect the firm's operating effectiveness. The percentage of strikers who are reinstated following the settlement of a strike is significantly lower for strikes involving permanent replacements. Finally, they report that firms hiring permanent replacements conclude the negotiations on average with more favorable terms. This finding is sensitive to how the authors treat not reaching a contract. The positive effect of hiring replacements occurs when not reaching a contract is treated as the most favorable outcome to the firm. When the authors delete the negotiations that fail to reach a contract, then permanent replacements yield on average less favorable terms to the firm.
III. Collection of Replacement Data
We have carried out an extensive project to collect data on the use of replacement workers during contract negotiations in the 1980s. We restricted our collection efforts to strikes involving bargaining units with at least 1,000 workers. In principal, these major strikes can be matched up with collective bargaining chronologies compiled by the BLS that we have analyzed in our earlier studies.
Using previously collected strike information, we conducted computer literature searches for each strike in our sample using the Lexis/Nexis service.
8 This service provides the full text of most major newspapers, magazines and trade journals since the early 1980s. Each strike in our sample generated typically more than two dozen articles, and those that involved replacements generated far more media attention. Information on the use of replacements and indications of violence were recorded for each strike in our sample.
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We have data on 3,129 contract negotiations involving 312 strikes in the 1980s that can be linked to the BLS bargaining chronologies. The dispute incidence in this sample is 58.9%, the strike incidence 10.0%, and the fraction of strikes involving replacements 14.1%. The incidence of permanent replacements given a strike is 6.7%, while the incidence of temporary replacements given a strike is 7.4%. Table 1 illustrates that the likelihood of replacements being hired during a strike varies across years. While there is considerable variation in these figures due to the small number of major strikes in a given year, this variation suggests that the decision to use replacements may depend on underlying macro and labor market conditions. Table 2 illustrates that risk of replacement also varies across industry classifications. Again, the impression is that the decision to use replacements may depend on product market conditions and characteristics of workers in each industry.
Together, these two tables suggest that the risk of replacement is unlikely to be uniform across bargaining units and time periods, but rather may follow systematic patterns. Identifying these patterns will point to negotiations in the 1980s where the replacement risk remained low, and consequently strikes should have remained a viable union threat choice.
Our data allow us to paint a general picture of the bargaining environment where replacements are hired.
Wages are the primary issue in roughly 64% of the major strikes in the 1980s. The onset of concession bargaining is evidenced by the fact that 14% of strikes where wages were the primary issue involved demands by the firm for nominal wage reductions. Importantly, though, strikes where replacements were hired account 8 The strike information is gathered from BLS and Bureau of National Affairs (BNA) reports. This data is available through ICPSR by referencing Cramton and Tracy (1992) . 9 As a check on the accuracy of our combined BLS, BNA, Lexis/Nexis strike information, we surveyed each of the firms and unions involved in these strikes. We first developed a contact data base listing the appropriate firm and union representatives, addresses, and phone numbers. This information was verified through phone contacts. The survey requested corrections and/or additions to our strike/replacement information. While the response rate was only 15%, the returned surveys confirmed the accuracy of our information.
for 32% of these wage reduction cases, more than twice the share of replacements in overall strikes. Further, the use of permanent replacements is often preceded by layoffs during the prior contract. Roughly one-third of strikes involve violence during the negotiations, though the incidence of violence increases when replacements are hired. Forty-six percent of negotiations involving major violence were associated with the use or replacements. When replacements are hired, on average 36% (permanent) and 41% (temporary) of the bargaining unit is replaced. The firm's operating capacity during a strike is higher on average when the firm hires replacements. The mean operating capacity figures in our sample are 43% when no replacements are hired, 67% when temporary replacements are hired, and 56% when permanent replacements are hired.
Earlier studies consistently find longer strike durations associated with the hiring of replacements. Not surprisingly, our data illustrate the same association. The mean strike duration in our sample is 32 days if no replacements are hired, 70 days if temporary replacements are hired, and 217 days if permanent replacements are hired. A further understanding of this effect requires information on the timing of the onset of hiring of replacements. The mean number of days between the prior contract expiration and the hiring of replacements in our data is 12 days for temporary replacements and 48 days for permanent replacements. Comparing these figures suggests that the impact of replacements is to reduce the hazard rate from strike to settlement. However, one must be careful in interpreting this finding, since many of the longest "strikes" are actually situations where the union workforce has been replaced and the contract negotiations have effectively ceased.
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IV. Incorporating Fixed Costs and Replacements Into a Bargaining Model
In this section, we provide a brief sketch of how the replacement decision can be added to the basic wage bargaining model in Cramton and Tracy (1992) . Our purpose is to show how the threat of replacement affects the union's decision to strike. We find that as the risk of replacement increases the strike threat becomes less attractive to the union. Strike incidence, then, should drop with a greater risk of replacement. This shift away from the relatively expensive threat leads to a higher level of total disputes. Readers not interested in this extension should skip to the next section.
We begin by extending our earlier model to include fixed costs of initiating a dispute. This extension serves two purposes. First, by including a fixed cost of striking (in addition to the constant variable cost), the model is able to explain why overall dispute incidence may increase as strike incidence falls, which is a prominent feature of the data shown in Figure 1 . Second, the model with fixed costs is a building block for the replacement model, since the replacement decision involves fixed costs, namely, the cost of hiring and training replacement workers.
The union and firm are bargaining over the wage w to be paid during a contract of length T. The union is uncertain about the firm's willingness to pay v. Bargaining begins with the union selecting a threat θ ∈ {H, S}, either holdout or strike, which applies until a settlement is reached. In the holdout threat, the union workers put pressure on the firm while continuing to work under the terms of the expired contract. In the strike threat, the union workers withhold their labor services. There is some inefficiency associated with disagreement in either threat.
Inefficiencies arise in the holdout threat through union tactics such as work-to-rule and sickouts. In the threat θ, the payoff to the union is x θ and the payoff to the firm is a θ v -b θ , where a θ ∈ [0,1) and b θ ≥ 0. For the holdout threat x H = w 0 and b H = w 0 , where w 0 is the wage under the expired contract. The term 1 -a θ , which we call the dispute cost, measures how far the parties are from the Pareto frontier during the threat θ. Since the total payoff in agreement is v and the total payoff in the threat is a θ v -b θ + x θ , the inefficiency during
For the holdout threat, c H = 0 so the inefficiency during disagreement simplifies to (1 -a H )v. This inefficiency is the pie that can be gained through settlement.
Moreover, assume that there are fixed costs of initiating a dispute. Let k fθ and k uθ be the fixed costs for the firm and union if the threat θ is initiated, and k θ = k fθ + k uθ be the joint fixed cost. To make the fixed costs easily comparable to the flow payoffs (e.g., v and w), each k should be thought of as the flow k from [0,T] that is equivalent to the one-time fixed cost K; that is, k = rK/(1 -e -rT ). The fixed costs may be from a loss of goodwill in the employment relationship, or costs of shifting production or looking for temporary employment.
In addition, immediate settlement avoids the fixed cost k θ .
An outcome of the bargaining, denoted 〈t,w, θ〉, specifies the time of agreement t, the contract wage w at the time of agreement, and the threat θ ∈ {H, S} before agreement. We assume that the union and firm are risk neutral and that the payoff flows, both during the threat and after agreement, are constant over time. The overall payoffs, then, are calculated as a combination of the threat payoff and the agreement payoff, weighted by the fraction of time spent in each outcome.
After the union's threat choice, the union and firm alternate wage offers, with the union making the initial offer. The side receiving an offer has two possible responses: (1) a counteroffer, in which case the bargaining continues, or (2) acceptance, in which case the bargaining ends with labor supplied at the offered wage for the remainder of the contracting period. The fixed costs k θ provide an added incentive to accept the union's initial offer, since only immediate acceptance avoids incurring the fixed costs. As in Admati and Perry (1987) , a bargainer can delay responding to an offer. This assumption leads to the signaling equilibrium in which the firm signals its value through its willingness to delay agreement. For simplicity, we assume that the minimum time between offers is arbitrarily small.
The equilibrium takes a simple form. If the wage w 0 under the expired contract is sufficiently low (below an indifference level w ) the union selects the strike threat; otherwise (w 0 ≥ w ) the union selects the holdout threat. The indifference level w depends on the threat payoffs and the distribution of v. A second indifference level m is determined by the union's initial offer. The firm accepts the union's initial offer if its valuation v is above m and otherwise rejects the offer. If the firm rejects the offer, it waits until it has credibly signaled its valuation before making an acceptable counteroffer. The counteroffer is the full-information wage offer, which in the case of equal discount rates is given by w θ (v) = x θ + ½(1 -a θ )(v + c θ ). The union gets its threat payoff,
x θ , plus one-half of the inefficiency avoided by settlement, (1 -a θ )(v + c θ ). The counteroffer is independent of the fixed costs, since at the time of the offer the fixed costs are already sunk. The fixed costs, however, affect both the union's initial offer and the firm's decision to accept. Proposition 1. Let θ = (x θ , y θ ) be the threat chosen by the union, where
In the limit as the time between offers goes to zero, there is a perfect Bayesian equilibrium with the following form:
• 
, which is accepted immediately by the union.
• If m >l, the union's expected payoff from the threat θ is U θ , the firm's expected payoff is V θ , and the expected loss is L θ , where • If m = l, then the union makes the initial offer k fθ + w θ (l), which is surely accepted by the firm.
, and L θ = 0.
Proof: This is a straight-forward extension of Proposition 1 in Cramton and Tracy (1992) , so we do not provide details. Since k θ is a fixed cost, it does not affect the bargaining once the cost is incurred. In particular, the firm's response to the union's initial offer is as in Cramton and Tracy (1992) . It does, however, change the incentive to initiate a dispute. Firm m must be indifferent between accepting the initial offer or immediately countering with w θ (m), which is accepted by the union. Hence, the union's initial offer w is accepted by the firm
. Given this acceptance rule, the union selects m (or equivalently w) to maximize its expected payoff U(m), which is equation (M). Taking the derivative with respect to m yields the first-order condition
and an interior maximum satisfying the first-order condition is guaranteed (U′(h) < 0 and U(⋅) is continuous in m)
. Hence, we can substitute the first-order condition into the formula for U(m) to yield U θ . The firm's expected payoff and the expected loss are calculated similarly. If m = l, the union makes an offer that is surely accepted.
Consistent with the joint cost hypothesis (Kennan 1980, and Reder and Neumann 1980) , it is only the joint fixed cost k θ that affects the probability of a dispute in the threat θ. As the joint fixed cost increases, the union makes an offer that is accepted with higher probability. Even a small fixed cost can have a large effect on the probability of a dispute in the threat θ. In the benchmark model from Cramton and Tracy (1994) (with parameters set to fit the data), introducing a joint fixed cost of striking equal to 1% of the expected pie reduces the probability of a strike in the strike threat from 52% to 22%. Strike incidence drops to zero when the joint fixed cost is increased to 1.8% of the expected pie.
A modest fixed cost of striking can mean that the probability of a strike under the strike threat is much less than the probability of a holdout under the holdout threat (assuming no fixed costs associated with the holdout threat). In this case, a shift in disputes away from striking (for example, a drop in w 0 ) reduces strike incidence, but may increase holdout incidence by much more resulting in an increase in the dispute incidence, as occurred in the 1980s.
The fixed cost k θ also affects the union's threat decision. The union selects the strike threat if U S > U H .
Recall that for the holdout threat x H = w 0 and c H = 0. Substituting, the union selects the strike threat if w 0 < w ,
. From Proposition 1, we see that U S depends on k fS and k uS . As the union's
2 1 1 0 fixed cost of striking increases, U S falls, implying a shift toward holdouts. An increase in the firm's fixed cost, typically increases U S , implying a shift toward strikes.
Strike incidence (what we observe in the data) depends on the combined effect of the change in the probability of a dispute given that the strike threat is selected and the shift in the probability that the union selects the strike threat. Table 3 shows how introducing a 1% fixed cost of striking affects strike incidence and holdout incidence in the benchmark model. Regardless of who bears the fixed cost, strike incidence drops substantially, because of the large drop in the probability of a dispute given that the strike threat is selected.
The drop is largest when the union bears the fixed cost, since in this case the strike threat becomes less attractive and is adopted less often.
We further modify this game by now allowing the firm to decide to replace the workforce. Replacement can be thought of as a new threat θ = R with its own threat payoffs. If the union selects the strike threat and the firm finds the union's initial offer unacceptable, then the firm decides whether to hire temporary replacements at a fixed cost k fR . The cost k fR represents the hiring and training costs associated with replacement. It is assumed that the replacements' productivity is some fraction a R < 1 of the productivity of the prior workers. The settlement wage in this case is the strike wage w S (v) or the holdout wage w H (v), whichever is greater. Now suppose that the replacement wage is less than the strike wage, w R (v) < w S (v). This wage differential
gives the firm an incentive to replace if the cost of replacement is not too high. In the event that w S (v) -w R (v) > k fR and that the union selects the strike threat, it will reduce its wage demand in order to keep the firm from hiring replacements. The union offers the wage w = k fR + w R (v) ≤ w S (v), such that the firm is indifferent between accepting w or replacing the workforce and settling at w R (v). As a result, we never observe replacements used, but the threat of replacement reduces the union's wage demand in the strike threat.
Now suppose that v is again common knowledge, but the firm has private information about the cost k fR of replacement. In particular, suppose the cost of replacement is either low or high, k fR ∈ {L,H}, and let p = Pr(k fR = L) be the probability of a low replacement cost. Assume that w S (v) -w R (v) ≥ H, so that the union must be concerned about replacement by both types of firms. There are two possible equilibria, pooling and separating.
11 The replacements are temporary in that they are employed by the firm only until a settlement is reached with the union. In addition, we assume that the firm's decision to use replacements does not affect v once a settlement with the union is reached.
Pooling equilibrium. If L and H are close, the union will make a pooling offer that both firm types accept: the union offers the wage w L = L + w R (v) that makes the low-cost firm indifferent between accepting and replacing (the high-cost firm strictly prefers to accept). The union successfully avoids replacement by offering a sufficiently low wage. The strike threat, though, is made less attractive by the firm's option to replace since the union must reduce its strike demand to avoid replacement.
Separating equilibrium. As the gap between L and H widens, it becomes increasingly costly for the union to prevent the low-cost firm from replacing. At some point, the equilibrium switches from the pooling equilibrium (without replacement) to a separating equilibrium in which the union offers the wage w H = H + w R (v) that makes the high-cost firm indifferent between accepting and replacing. The low-cost firm strictly prefers to replace in this case. In this equilibrium, the probability of replacement is just p and the union reduces its offer w H to keep the high-cost firm from replacing. The expected wage is pw R (v) + (1 -
, the expected wage if the union selects the strike threat falls as the risk of replacement increases. But since the union selects the strike threat only if the expected strike wage exceeds the holdout wage, this implies that the union becomes less likely to select the strike threat as the risk of replacement increases.
The intuition is as follows. A firm considers the replacement option because it improves the firm's threat payoff relative to the union's, resulting in a lower wage. However, the firm must balance this improvement in the terms of trade with the cost of replacement. A firm only uses replacements if its cost of replacement is sufficiently low. The union, anticipating the possibility of replacement, lowers its wage demand in the strike threat in order to reduce the probability of replacement. This risk of replacement, then, reduces the attractiveness of the strike threat, making it more likely that the union adopts the holdout threat at the outset of negotiations.
With full-information about v, settlement occurs immediately. Hence, to be consistent with the data, we need to reintroduce private information about v as well as k fR . This need not upset the equilibrium above. The intuition is essentially the same, but now disputes may take time to settle. For a wide range of parameters we get the following equilibrium. The firm surely replaces if its cost of replacement is L and never replaces if its cost of replacement is H. In this case replacement signals the cost of replacement, but does not signal anything about v. Since replacement is a sunk cost, the signaling of this cost does not play a strategic role. The fraction of strikes involving replacements depends almost entirely on the probability of a low cost of replacement.
Empirically, this probability may depend on economic variables such as the local rate of unemployment, or on industry factors such as changes in production technology.
In deciding whether to strike or holdout, the union estimates this probability of replacement. If it is too great, the union selects the holdout threat. Consistent with this model, our econometric strategy is (1) to estimate the risk of replacement based on information available to the union, then (2) to estimate whether an increase in replacement risk reduces the union's use of the strike threat, and finally (3) to estimate whether a shift in the composition of disputes away from strikes increases overall dispute activity.
V. The Firm's Decision to Replace and its Consequences for the Union's Threat Choice
The summaries given in Tables 1 and 2 suggest that the replacement risk facing a union if it selects the strike threat may vary systematically with some underlying economic factors. Our bargaining model indicates that a union's perceived replacement risk is a key parameter in its choice between the strike and the holdout threat. We assume that unions form their expectations regarding this replacement risk by examining the characteristics of bargaining situations in which replacements were used. Systematic patterns that emerge can be used by a union to inform itself of its own replacement risk.
The firm's decision to replace is based on weighing the wage reductions that can be gained by using replacements versus the cost of hiring replacements. Our model considered a simplified version in which the firm faces either high or low replacement costs. All firms with low replacement costs find it in their interest to replace workers on strike, while all firms with high replacement costs do not find it in their interest to hire replacements. The union's search for patterns in the replacement data should begin with variables that potentially relate to the firm's cost of using replacements. For example, the more the firm engages in specific training of its workers the more difficult it will be for the firm to find adequately skilled replacements. The decision to hire replacements must also be cast with an eye toward the ability of the firm to quickly find replacement workers.
This suggests that conditions in the labor market (local and possibly industry) may be important. Tight labor markets will increase the cost of replacements by driving up the spot wage, or increasing the time required to replace a given fraction of the bargaining unit.
To begin to identify the underlying determinants of the replacement decision, we have collected data on many of the variables relevant to the firm's cost of replacements. Our first effort is to attempt to proxy for differing levels of specific human capital investments across our bargaining units. We do not observe any demographic information on the workers in our bargaining units. Hence, we use only the industry affiliation of the bargaining unit and year of the contract negotiation to construct demographic variables.
We created extracts of union workers using Current Population Survey (CPS) data for the period 1980-1989. We sorted these workers into major CPS industry/year cells, calculated means of their potential labor market experience, and then smoothed these averages across years using weighted linear regression. We linked these smoothed data series into our collective bargaining file based on the bargaining unit's SIC classification and the expiration year of the prior contract.
Variations in labor market experience will help to capture differences in training investments occurring at the extensive margin. Holding experience constant, differential investment levels across bargaining units can arise at the intensive margin due to differences in the rate of job training. We use two different approaches in an attempt to capture this additional source of variation. Industries which on average invest in a higher rate of job training per year should have steeper wage/experience profiles. 12 To measure these differential returns to experience we created extracts of nonunion workers using CPS surveys for the period 1980-1991. We estimated simple wage equations by major CPS industry. We do not attempt to measure any time variation in these returns to experience, and focus instead on industry differences.
13
Our second measure is a proxy for differences in technological progress by industry. The variable we use is the industry employment share of scientists and engineers, a measure proposed by Allen (1993) . Bartel and Sicherman (1995) find that increases in this employment share are associated with a significant increase in hours of company training among workers in the National Longitudinal Survey of Youth data. They find similar effects when productivity growth or computer investment measures were used in place of the employment share
To study the impact of labor market conditions on the replacement decision, we use measures developed for our earlier studies. Specifically, we measure aggregate labor market conditions using the prime-age male unemployment rate averaged to a quarterly basis. For industry and local labor market conditions we fit regression models to the BLS quarterly unadjusted employment series from 1970 to 1989 allowing for quadratic trends, quarterly seasonal effects, and autoregressive error terms.
where ln E it = log quarterly employment in industry i at time t; Q j = dummy variable for the jth quarter; φ(L) = second-order distributed lag polynomial; and ε it = white noise error term. We measure the tightness of the labor market using the quarterly employment residual, Û it , for the quarter in which the prior contract expired.
14 The structure of collective bargaining in the industry may also have an impact on the firm's replacement decision. The industrial relations literature has long emphasized that the bargaining power of unions depends crucially on the concentration of union membership in an industry. For example, the ability of unions to use 12 We assume here that firms and workers have an incentive to share in the costs and returns of specific training in order to minimize turnover. 13 We control for a worker's education, experience, marital status, sex and race. We constructed a similar series of return estimates using the extract of union workers. The process of collective bargaining may introduce several other considerations that affect the wage/experience slopes in union contracts. For this reason, we prefer the nonunion estimates.
14 Positive residuals correspond to tighter employment conditions. bargaining tactics such as pattern bargaining is greatly weakened when the union membership becomes fragmented across several unions.
For each industry, a union coverage concentration measure is constructed from the bargaining unit coverage numbers in our data and BLS industry employment data. We observe the size of every bargaining unit at the outset of each contract it negotiates. We interpolate between contracts to construct a bargaining unit coverage history. For each month, we aggregate across bargaining units in a given industry to estimate the total industry coverage. Annual averages of industry coverage levels are normalized by BLS employment rates to arrive at the industry/year coverage rate. 15 Since the union is identified in our data, we can measure the concentration of the union coverage in an industry across different unions. We calculate by industry and year a Herfindahl index of union coverage concentration.
We consider two additional variables that may affect the firms decision to use replacements. Holding constant the local labor market conditions, the ability of a firm to hire replacements may depend on local union sentiments. If unions enjoy wide public support in a locality, there will be even greater social pressure exerted on workers not to cross picket lines, and on firms not to attempt to hire replacements. To capture geographic variation in this union sentiment, we include an indicator variable which equals one for states that prohibit collective bargaining for their state public sector workers. If public sentiment for unions is lower in these states, then we would expect the risk of replacement to be higher.
The final variable we consider is an indicator for whether "similar" bargaining units experienced replacements in a recent contract negotiation. Unions that observe replacements being used at similar bargaining units may revise upward their assessment of their own replacement risk. We define similar to mean a bargaining unit in the same two-digit industry classification and state. We restrict attention to negotiations that occurred within a year prior to the contract expiration. Specifically, we code an indicator which takes a value of one if a bargaining unit in the same industry and state experienced replacements during contract negotiations that occurred within the prior twelve months of the contract expiration.
Summary statistics on our strike sample disaggregated by the firm's replacement decision are provided in Table 4 (a). While our data classify replacements as temporary or permanent, we ignore this distinction for the rest of our analysis. There are several reasons for this decision. The classification of replacements is based on an ex post analysis of the strike. At the time that the firm makes a replacement decision, it is typically unclear if the replacements will be temporary or permanent. Workers that are hired as temporary can be converted to permanent status, while permanent replacements are sometimes dismissed following the end of a strike. 16 It seems reasonable that the union's primary concern is whether the firm will choose to use replacements.
In order to calculate estimates of replacement risks for bargaining units in our sample, we first estimate a probit model of the firm's replacement decision. Table 5 presents the implied marginal effects of our variables on the probability that the firm uses replacements given that a strike occurs. These marginal effects have been standardized to represent the effect of a one standard deviation change in a continuous variable on the replacement risk, and a unit change in an indicator variable. Our baseline model is given in specification (1).
Increasing years of work experience significantly lowers the risk of replacement. A one standard deviation increase in average experience (2.2 years), reduces replacement risk by 8 percentage points, nearly 70 percent of the sample standard deviation in the replacement indicator.
To check whether the risk of replacement increased following the replacement of the PATCO strikers, we code an indicator variable which takes a value of one for any negotiation where the prior contract expiration date was after the third quarter of 1981. We have only a limited number of disputes in our sample that occurred prior to the replacement of the PATCO strikers. However, the data indicate that the risk of replacement increased by over nine percentage points in the post PATCO period, a statistically significant effect. In specification (2), we allow the effect of experience to vary with the nonunion returns to experience.
The data indicate that an additional year of experience lowers the risk of replacement differentially more in industries with higher rates of return to experience. Similarly, in specification (3), we allow the effect of experience to vary with the employment share of scientists and engineers. Again, the data indicate that an additional year of experience reduces replacement risk differentially more in industries in which technological progress is likely to be more prevalent. However, the evidence on the importance of the intensive margin is weak given the lack of statistical significance of both of these interactions.
Using specification (1) from Table 5 , we predict the probability of replacement for all labor disputes in our sample for which the underlying variables are available. A kernel density estimate of the distribution of the overall replacement risk is presented in Figure 2 . Summary statistics on this distribution are provided in while others face a risk exceeding 50 percent. We next use this variation in an attempt to measure the impact of replacement risk on the union's observed threat choice.
If increasing the risk of replacement causes unions to shift from the strike to the holdout threat, we would expect to see a negative coefficient on the predicted replacement risk in a threat-choice model. To analyze this,
we estimate a probit model of the probability that the union selects the strike threat given that a labor dispute occurs. Table 4 (b) provides summary statistics for this sample. Table 7 presents the standardized marginal effects based on the probit coefficients.
Before discussing these results, we would like to address the issue of identification in this sequential probit setup. The model is identified and its parameters consistently estimated if in addition to the standard univariate assumptions on the residuals the following two conditions are satisfied. First, there exists at least one variable which independently shifts the risk of replacement. Second, the errors in the two probits are not correlated due to common left-out variables. If the errors are correlated, then the model suffers from selection bias. To check for this problem, we use a linear probability model for the firm's replacement decision and a probit model for the union's threat choice. This reformulation allows us to use standard methods to test for selection bias. A mills ratio was calculated using the coefficients from the reduced form of the union's threat choice probit model. The coefficient (standard error) on the mills ratio in the firm's replacement decision is -0.032 (0.22). The data fail to reject the assumption of no selection bias.
Specification (1) of Table 7 estimates a baseline model using disputes from 1980 to 1989. This specification is based on our previous work (Cramton and Tracy 1994) . Controlling for economic variables affecting the union's threat choice, the fraction of disputes involving a strike is 10 percentage points lower in the post PATCO period. Specification (2) incorporates the estimated replacement risk displayed in Figure 2 .
A one standard deviation increase in the estimated replacement risk (11.2 percentage points), leads to a five percentage point decline in the probability that the union selects the strike threat. This confirms the shift in the composition of disputes predicted by the theory. 17 Controlling for the risk of replacement also reduces the post PATCO marginal effect by 30 percent, making it no longer statistically significant. Specification (3) drops the post PATCO indicator which results in a slight increase in the marginal effect of the predicted replacement risk. Readers interested in a discussion of results for the other determinants of the threat choice are referred to our earlier paper (Cramton and Tracy 1994) .
Recall that a key prediction of the theory was a negative coefficient on the real wage variable in the dispute composition model. In earlier work we document that this coefficient estimate switches from negative to positive after 1981. If this sign switch is the result of the replacement risk in the 1980s, then we would expect to find a positive interaction between the real wage variable and the predicted replacement risk.
Specification (4) adds this interaction to the model, which the data indicate is positive and significant.
Controlling for the interaction effect, the marginal effect for the real wage becomes negative and statistically significant. If the risk of replacement increased significantly after 1981 from its levels in the 1970s, then this positive interaction would help to explain the sign reversal in our previous work.
If the fixed costs of associated with the strike threat are higher than those associated with the holdout threat, then a shift in the composition of disputes away from strikes should lead to a higher overall dispute incidence. We test for this effect in the data in Table 8 . Descriptive statistics for this sample are given in Table   4 (c). Specification (1) provides a benchmark. In specification (2) we include the predicted probability of a strike given a dispute. A one standard deviation increase in the probability of a strike given a dispute (a 6.6
percentage point rise) is associated with nearly a twenty two percentage point decline in the probability of a dispute (where the mean dispute rate is 52%). Specifications (3) and (4) explore the extent to which this result reflects variations in the risk of replacement if the strike threat is selected. In specification (3) the data indicate that a one standard deviation increase in the risk of replacement is associated with a fourteen percentage point rise in the incidence of disputes. This is consistent with the earlier finding that as the risk of replacement increases, the union shifts away from the strike threat. 18 In specification (4) we control for both the probability of a strike given a dispute and the probability of replacement given a strike. The data indicate that there is no independent effect of the risk of replacement controlling for the overall probability of a strike.
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The results from the dispute composition and the dispute incidence analysis suggest offsetting effects of the risk of replacement on the likelihood of a strike given a negotiation. As the underlying risk of replacement increases, the composition of disputes shifts away from strikes which leads to a lower strike incidence.
However, at the same time the increase in the replacement risk increases the overall dispute incidence which leads to a higher strike incidence. The theoretical model predicts that the composition effect should outweigh the incidence effect. That is, the overall impact of a higher risk of replacement should be a lower strike incidence. Table 9 checks for this effect in the data. Specification (1) provides a benchmark. Specification (2) adds the predicted risk of replacement, while specification (3) checks to see if the findings are robust to the inclusion of year effects. The coefficient on the predicted replacement risk is negative and imprecisely measured in both specifications. While the sign is consistent with the model, we can not reject the hypothesis that the two effects exactly offset each other.
The results from the dispute composition, dispute incidence, and strike incidence models all suggest the possibility that the basic trends in collective bargaining in the 1980s could be explained in part by the simple hypothesis that the underlying risk of replacement increased in the 1980s. What remains is an attempt to measure how much of the change in bargaining outcomes can reasonably be attributed to this hypothesis. While we do not have the data to answer the question of by how much (if any) the risk of replacement increased from the 1970s to the 1980s, out best estimate is based on the coefficient on the post-PATCO indicator variable in the replacement risk model.
The average predicted replacement risk for the sample of bargaining units negotiating contracts in 1982-1989 is 11.8 percent based on specification (1) of Table 5 . Using the coefficient on the post-PATCO indicator variable from this specification we reestimated the predicted replacement risks as if these negotiations all occurred prior to the PATCO decision. The average predicted replacement risk for this sample falls to 3.3 percent.
We use this implied difference in replacements risks facing each bargaining unit in the 1982-1989 sample to simulate the bargaining outcomes if replacement risks remained at their pre-PATCO levels. The average predicted dispute incidence falls from 54.5 percent to 49.2 percent, roughly a five percentage point change.
The average predicted fraction of disputes involving a strike increases from 18.2 percent to 22.9 percent, almost a four percentage point change. These two effects account for over half of the unexplained shifts in dispute incidence and dispute composition documented in Cramton and Tracy (1994) . Finally, the strike incidence increases from 11.8 percent to 12.6 percent, less that a full percentage point.
In a similar manner, the empirical models can be used to assess the likely implications of a change in labor law which prohibits the use of replacement workers. We focus relatively more attention to the question of how banning replacements would affect strike incidence since the literature has dealt exclusively with this particular bargaining outcome. Using the model given in specification (3) of Table 9 , we estimate strike probabilities for each bargaining unit under the counter factual of no replacement risk. Figure 3 presents kernel density estimates of the distribution of strike incidence probabilities with and without the union facing replacement risk. Table 10 provides descriptive statistics for these two distributions. A ban on replacements increases the mean (median) strike incidence by 1.4 percentage points (1.3), slightly over a ten percent increase in strike incidence. Table 11 provides a more extensive analysis of the simulated impact of a ban on replacements. This table breaks down the simulated impact into its three components: dispute incidence, dispute composition, and strike incidence. In addition, results are tabulated by year. The largest impacts generally occur in the years immediately following the PATCO decision. Overall, the empirical model indicates that eliminating the risk of replacement would have dramatically altered the course of negotiations in the 1980s. Dispute incidence would have fallen by 16 percentage points, while the fraction of disputes involving strikes would have increased by nearly five percentage points. The net impact of these two effects is an increase in the strike incidence of 1.4 percentage points. If we restrict out attention to the post-PATCO period, then the predicted increase in strike incidence is 1.7 percentage points, a 14 percent increase. However, given the imprecision in these estimates, we can not make definitive statements as to the magnitude of the net effect of a replacement ban on strike incidence.
This modest rise in the predicted strike incidence implied by a ban on replacements sharply contrasts with estimates of the impact of replacement bans enacted in three Canadian provinces: Quebec in December 1977 , and British Columbia and Ontario in December 1993 . Cramton, Gunderson, and Tracy (1993 estimate the impact of these replacement bans as well as other labor policies on real wage settlements, strike incidence, and strike durations. This work extends the earlier work by Gunderson, Kervin, and Reid (1986) and Gunderson and Melino (1990) . We use information on over 5,000 contracts negotiated between January 1967 and March 1993. The data indicate that banning replacements led to a 16 percentage point increase in the strike incidence (a doubling), a 40 percent (34 percent) increase in strike durations for large (all) strikes, and a 11 percent increase in the real wage. The Canadian replacement bans also prohibit the firm from using transfers or management to maintain production. This is one reason to expect that their effect on strike incidence would
be stronger than what we would predict for the U.S. using the methods we develop in this paper.
VI. Conclusion
The decline in U.S. strike activity in the 1980s represented a shift by unions from the strike threat to the holdout threat. At the same time, overall dispute rates increased. These changes in bargaining outcomes could be a response to a heightened risk of replacements in the 1980s. To address this issue we estimate the determinants of the firm's decision to use replacements conditional on a strike. We find that firms are reluctant to use replacements the greater the level of job experience of their workers and the tighter the conditions are in the local labor market. We use this empirical model to estimate the replacement risk for each labor dispute in our sample. We find that increases in the risk of replacement significantly reduce the likelihood that the union exercises the strike threat. This reduction in the likelihood of a strike given a dispute significantly increases the incidence of disputes. This increase in dispute incidence mitigates the shift in disputes toward strikes yielding only a modest increase in strike incidence.
The current debate on amending the U.S. labor law to overturn or restrict the McKay Radio doctrine should be informed as to the likely efficiency and distributional effects. In this paper, we demonstrate that this legislation will likely have offsetting effects on the overall costs of negotiating labor contracts. The model and data indicate that a ban on replacements will shift the composition of disputes from the low cost threat (holdouts) to the higher cost threat (strikes). Importantly, the model and data also indicate that the total volume of disputes will decline which works in the direction of lowering total negotiation costs. Estimating the net effect on negotiation costs requires estimates of the relative difference in negotiation costs between strikes and holdouts. Notes: Calculations based on benchmark parameters in Cramton and Tracy (1994) . No fixed cost assumed for holdout threat. Notes: Predicted replacement probabilities based on specification (1) of Table 5 . Coefficients represent the marginal effect of a one standard deviation change in a continuous variable (a unit change for an indicator variable) on the strike probability. Standard errors are given in parentheses, and for specification (2)-(4) have been adjusted for the two step estimation procedure used. Notes: Predicted replacement probabilities based on specification (1) of Table 5 . Predicted strike probabilities based on specification (3) of Table 7 . Coefficients represent the marginal effect of a one standard deviation change in a continuous variable (a unit change for an indicator variable) on the dispute probability. Standard errors are given in parentheses, and for specification (2)-(5) have been adjusted for the multi-step estimation procedure used. Notes: Predicted replacement probabilities based on specification (1) of Table 5 . Coefficients represent the marginal effect of a one standard deviation change in a continuous variable (a unit change for an indicator variable) on the dispute probability. Standard errors are given in parentheses, and for specification (2) and (3) have been adjusted for the multi-step estimation procedure used. Notes: Based on specification (3) of Table 9 . 
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Notes: Predicted dispute incidence is based on specification (5) of Table 8 . Predicted strike incidence given a dispute is based on specification (5) of Table 7 . Predicted strike incidence given a negotiation is based on specification (3) of Table 9 . Standard errors are given in parentheses.
